The role of early dietary habits in dental caries
ecent epidemiological studies have found that the first year of life is an important period for the eruption of teeth and the development of dental fluorosis and dental caries later in life.'r2 If these observations are confirmed, then programs should be developed to promote oral health through early educational and preventive interventions. Currently, scientific evidence evaluating the extent of the problem of early childhood caries, and strategies to prevent it, are ~c a r c e .~ This paper reviews the epidemiological evidence of the impact of early-life diet and nutrition on ECC, the association between early diet and dietary habits later in life, and the association between parents' and infants' dietary intakes. Relevant papers were identified in the following databases: Medline, National
Epidemiology of ECC
In Sweden, the prevalence of early childhood caries ranged from a low of 0.5% in the first year of life to 30% during the third year of life.4,5 Data development from Sweden also showed that while dental caries prevalence has declined significantly in four-year-old children during the last 20 years, the prevalence of high dental caries (> 10 decayed, missing, and filled primary teeth) remained around 6-7Y0.~ A similar observation was made by Anderson when examining 12-yearold children in Somerset, United K i n g d~m .~
In some parts of the USA, the prevalence of ECC was between 50% and 70%.8,9 Even though the overall prevalence of early childhood caries is relatively low in most parts of North America, the condition is a costly one to manage. In some Native American communities, the cost of treating a single case of one type of early childhood (nursing) caries under general anesthesia was reported to be around $2,000 (US).'O The factors that lead to the development of ECC are not yet fully identified. Dietary factorsespecially the use of sugary drinks, including milk, at bedtime or during sleep-are associated with increased risk of developing ECC. Recent evidence indicates that there may be other determinants.
Early malnutrition: a risk factor in ECC
Most epidemiological studies have not found a strong association between malnutrition and dental caries prevalence.ll Malnutrition, however, is a dynamic state, and correlating malnutrition as assessed at one point in time with the prevalence or incidence of a chronic and slowly progressing disease, like dental caries, has limited validity. To evaluate the effect of malnutrition on susceptibility to dental caries, a longitudinal study is required where teeth are followed pre-and post-developmentally.
Such a design was recently used in a s t~d y ' , '~-'~ that evaluated the effect of malnutrition early in the lives of children on the development and eruption of primary teeth and dental caries development later in life. Tooth eruption and dental caries development were followed in a group of Peruvian children who were recruited when they were infants between the ages of 6 and 11 months. Evaluating their weight and height measurements assessed the infants' nutritional status. These measurements were compared with the standards for weight and height of the United States' National Center for Health Statistics. The infants were classified as to whether they were: (a) Normal-height-for-age (HA) was more than 95% of standard, and normal weight-for-height (WH) was more than 95% of standard;
normal HA but low WH (less than 90% of standard); (c) Stunted (past malnutrition)-low HA (less than 95% of standard) and normal WH; or (d) Stunted and wasted.
Acutely malnourished infants were provided with nutritional and medical counseling, and they recuperated shortly after recruitment into the study.14 The children were examined every 4-6 months until they reached the age of four years. the eruption of primary teeth was delayed in the stunted, wasted, and stunted/wasted infants in comparison with healthy infants. The delay of eruption persisted until the age of 2.5-3 years. At the age of four years, children who were stunted and wasted had a significantly higher mean number of decayed, extracted, and filled primary teeth (deft).14 The stunted and wasted children had a bi-modal caries distribution with a (b) Wasted (acute malnutrition)-This longitudinal study found that definite high-risk group that included 17.2% of the severely malnourished children. tion in the longitudinal study,14 a reexamination of a subsample of the children in the original study found that the eruption of permanent incisors and first permanent molars was accelerated in the malnourished children.' A significantly higher prevalence of dental caries in the primary and permanent dentitions was observed in the stunted and wasted children compared with healthy children.
The investigators concluded that a single moderate malnutrition episode occurring in infancy could possibly result in increased dental caries later on in 1ife.l~'~ While these findings are important in this period where malnutrition crises erupt frequently around the world, the studies by Alvarez et LzZ.'~,'~ did not account for the differences in sugar intake of the examined children, and hence, a definite conclusion about the long-term impact on dental caries development of a single malnutrition episode in early infancy cannot be reached. The presence of a high-risk group with caries afflicting smooth surfaces may also indicate a high sugar intake by the children. The investigators did not provide data that could be used to test this hypothesis.
Two years after the final examina-

Linear enamel hypoplasia, malnutrition, and dental caries
Given the difficulty of determining early malnutrition status in crosssectional epidemiological studies, investigators have used linear enamel hypoplasia as a proxy for the presence of early maln~trition.'~-'~ Linear enamel hypoplasia appears as bandlike or circumferential irregularities in enamel that may be pitted. It appears as a gray-yellow, brown, or black band that runs parallel to the incremental lines of enamel in the middle part of the facial surface of a tooth. Enamel hypoplasia was crosssectionally associated with higher dental caries prevalen~e,l~.*~ and a recent study found an association between hypoplasia and colonization with cariogenic bacteria.l8 Similar to the studies of the association between malnutrition and dental caries, these studies were bivariate in design and evaluated both conditions at one point in time. Moreover, the children with linear enamel hypoplasia suffered from general infections during the first month of their lives,16 and hence, a confounding effect is introduced that may have biased the association between enamel hypoplasia and dental caries. An association among enamel hypoplasia, malnutrition, and dental caries could also be confounded by other systemic condit i o n~, '~,~~ such as low birth weight2' and calcium that may disrupt the development of the enamel matrix.
Linear enamel hypoplasia is used by anthropologists as an indicator of early childhood disease.23 For example, in human skeletal remains extracted from the Monroe County Poorhouse Cemetery, that was in use between 1826 and 1863, linear enamel hypoplasia peaked around the age of 2.5-3 years in the permanent maxillary central incisors.23 One hypothesis for the development of linear enamel hypoplasia that is advocated by anthropologists suggests that stress associated with weaning probably leads to the development of this enamel defect.23 In the absence of data on infections, malnutrition, and occurrences of febrile illnesses early in life, it is difficult to pinpoint the exact reason for the occurrence of linear enamel hypoplasia.
Evaluations of the evidence from community field trials show that malnutrition or reduced protein-energy intake could lead to the development of linear enamel hypoplasia. In Mexico, Goodman et ~1 .~~ tested the effect on enamel hypoplasia of providing a fluid containing powdered milk and vitamins pre-and postnatally during the first several years of life. The 15-year-old adolescents who had received supplements had a significant reduction in the development of linear enamel hypoplasia on maxillary central incisors in compari-SCD Special Care in Dentistry, Vol18 No 1 1998 41 son with the incidence in nonsupplemented adolescents. The relative risk that a right central maxillary incisor developed hypoplasia in nonsupplemented relative to supplemented adolescents was 9.3. In another study, in Guatemala, May et al. evaluated the effect of caloric supplements in addition to retinol, ascorbic acid, and vitamins (A, niacin, and thiamine) on the development of linear enamel hypoplasia.20 Supplementing the diet with vitamins resulted in a 50% reduction in linear enamel hypoplasia.
These recent community trials show that nutritional supplement of diet early in life leads to a significant reduction in enamel hypoplasia. Unfortunately, these studies did not evaluate the development of dental caries. If linear enamel hypoplasia is caused by malnutrition, and if it is associated with an increased risk of colonization with cariogenic bacteria and developing dental caries, then an association between these two conditions (hypoplasia and dental caries) should be evident. The most recent epidemiological study that investigated this question was conducted in Tanzania.15 The association among nursing caries, linear hypoplasia, and weaning habits was evaluated in children selected from a region in that country. In a case-control comparison, the odds ratio of developing rampant caries was 15.6 higher in children who had linear hypoplasia compared with those who had no hyp0p1asia.l~ While this new study confirmed the observations of previous inve~tigators,l~J~,~~ the definition of linear enamel hypoplasia may have included incipient caries lesions as well as true linear enamel hypoplasia. If so, the question becomes whether the presence of incipient caries in children leads to higher odds of developing dental caries.
the association between malnutrition and dental caries, while not totally conclusive, indicate the need for further investigation of the emerging hypothesis that early malnutrition may have a long-term detrimental effect on dental health. The information presented in the previous section
In conclusion, the new studies of supports a re-examination of the effect of early diet on dental caries development.
Early dietary intake
There is evidence that early diet affects brain growth and bone mineralization of pre-term infants.26-28 There is also evidence that early diet is a determinant of later dietary habits and that the dietary habits of mothers are associated with those of their offspring, at least during the first several years of life.
There is an association between serum cholesterol levels of infants and the cholesterol levels measured nine years later.29 About a quarter of the infants who had high cholesterol levels (> 200 mg/dL) (at-risk group) had high levels in follow-up examinations conducted nine years later. Only 8% of the infants who initially had low serum cholesterol levels had high levels after nine years. Infants with high cholesterol levels tended to consume a significantly higher percentage of cholesterol-containing foods per 1,000 Kcal compared with the children in the control Another study of early dietary intake, the Bogalusa Heart S t~d y , 3~,~l was designed to evaluate the early natural history and risk factors of coronary artery disease and hypertension. The Spearman rank correlation coefficients between the dietary intakes at ages 2 and 4 years were significant for total protein (r = 0.65), animal protein (r = 0.46), total sugar (r = 0.39), sucrose (r = 0.37), starch (r = 0.33), total fat (r = 0.53), saturated fatty acid (r = 0.48), polyunsaturated fatty acid (r = 0.43), and cholesterol (r = 0.49). Between 47% and 65% of those in the upper third for total fat and cholesterol intakes at 2 years of age remained in the upper third at the age of four years. 31 Dietary patterns seem to be established early in life.32 In a two-year follow-up of the consumption of soft drinks and sweets of 231 Norwegian children, significant correlations were found between the consumption of sweets at the age of 10 months and 2 years (r = 0.47), and also between the consumption of soft drinks at both ages (r = 0.26). There was also a significant correlation between the intake of sweets and soft drinks at the age of 2 years (r = 0.36).32
Dietary intake of parents
Do parents play a role in determining the dietary habits of their children? One major study that investigated this question is the Framingham Children's Study, where three-day food diaries were kept for 116 families33 at three-month intervals for a period of a year. Significant correlations were found between mothers' and daughters' intake of protein (r = 0.42), carbohydrates (r = 0.47), total fat (r = 0.49), cholesterol (r = 0.56), sodium (r = 0.44), potassium (r = 0.43), and fatty acids (r = 0.35-0.51). The association between mothers' and sons' intake were significant for carbohydrates (r = 0.28), total fat (r = 0.40), fatty acids (r = 0.31-0.43), sodium (r = 0.27), and calcium (r = 0.22). There was no significant association between the dietary intakes of the fathers and daughters. The dietary intake of the fathers was associated only with their sons' intake of saturated fatty acid (r = 0.40) and cholesterol (r = 0.45).
Long-term correlations were found between the use of a sweetened feeding bottle in infancy and the child's intake of sugar at the ages of eight to 10 years.34 Of the children of the mothers who reported that they had provided a sweetened feeding bottle during infancy, 72% had high sugar intake at the ages of eight to 10 years, compared with 28% of the children of the mothers who did not provide sweetened bottles. Dental caries prevalence in threeyear-old children with high exposure to sugar during infancy was significantly higher than that of the children who were less exposed to sugar. Paunio in Finland35 also reported similar findings.
health organizations because of its potential benefit in protecting against infections and delaying the onset of Type I diabetes m e l l i t~s .~~"~ There Breast-feeding is promoted by all are no clinical trials that have tested the effect of breast-feeding on early childhood caries. Cross-sectional studies have associated prolonged brea~t-feeding~~ and the habit of allowing infants to sleep with the breast nipple in their mouths with early childhood caries.15
In conclusion, dietary intake of children is strongly associated with their mothers' dietary intakes and their own dietary habits developed early in life. Sugar consumption is of particular importance to dental caries, and it seems that the frequent use of a sweetened feeding bottle, soft drinks, and sweets early in life could contribute to a higher consumption of sugary items later in life.
Prediction of ECC
If sugar consumption during the first year of life influences the level of sugar intake later in life, then could the early consumption of sugar be used to predict future caries development in children? The small numbers of prediction studies of early childhood caries provide an equivocal answer to this question. In a Swedish study, higher education of mothers was strongly associated with higher consumption of noncariogenic foods and lower consumption of sucroserich foods.40 Comparison between children with and without caries at the age of three years showed that those who developed dental caries had a higher consumption of sucroserich foods at the age of 12 months compared with children who did not develop caries. No evaluation, however, of the accuracy of the model in predicting dental caries was presented. 4O In another Swedish study,4l that followed children at the ages of 18 and 36 months, dental caries incidence was associated with dietary intake. The clinical examination evaluated oral hygiene status, gingival bleeding, and dental caries. Salivary levels of lactobacilli and mutans streptococci were also measured. Almost half of the children consumed, more than twice a day, sugarcontaining foods, drinks, or snacks.
The proportion of children with high daily sugar intake was consistent at the ages of 18 and 36 months. None of the risk factors measured was able to predict dental caries occurrence with validity. Frequent sugar consumption had a positive predictive value of 0.26, indicating that 74% of children with a relatively high frequency of sugar intake (fewer than 7 sugar exposures per week) did not develop caries between the ages of 18 and 36 months.
The answer to the question posed in this section is not currently available. The prediction of dental caries is definitely necessary to identify families where targeted educational and prevention efforts should be directed to reduce the potential of developing early childhood caries. Any model should include indicators of social, cultural, and biological risk factors of dental caries in infants and mothers that can validly and reliably be used to predict early childhood caries. The association among diet, cariogenic bacteria, and immunology responses in saliva definitely needs further study.
Discussion
Early childhood caries presents a challenge not only to dental professionals but also to other health professional~.~~ The limited evidence that exists today on this problem should not deter us from developing oral health promotion programs to prevent the occurrence of this condition. Dietary habits are formulated early in life, and a mother's choice of foods is a strong determinant of her offspring's dietary habit^.^^,^^ To prevent the development of early childhood caries, mothers in areas with high dental caries prevalence should be targeted with pre-and post-natal health promotion programs. Since the first professional contact with pregnant mothers, and with their infants immediately after delivery, occurs in medical offices, nurses or physicians should provide nutritional advice and information on prevention of early childhood caries.
Unfortunately, we have not paid enough attention to the crucial role played by mothers in promoting oral health.3 The individuals most susceptible to dental disease are those who usually do not visit dental offices regularly. Therefore, dentists cannot approach this vulnerable group through their regular re-call efforts.
There is evidence that low-income mothers lack information on the role of the dental profession in prevention and lack the knowledge on how to prevent oral di~eases.4~ Mothers in some developing countries have a tendency to provide sugary products to their children early in life and use sugar as a r e~a r d .~~,~~ At present, there are no good scientific evaluations of interventions to prevent early childhood caries. Reductions of infection with cariogenic bacteria in mothers, in addition to the use of fluoride and restorations, were successful in preventing dental caries in children.46 Unexpectedly, the study by Aaltonen and T e n o~u o~~ has shown that early frequent salivary contacts between infants and mothers before primary teeth erupt (less than 7 months of age) was associated with protection against dental caries in the primary dentition four years later. Hence, it may be concluded, based upon the finding of this cohort that seven-month-old infants exposed 3 times or more per day to their mother's saliva (through sharing of utensils, direct kissing, tasting of foods, and using pacifiers wetted with the mother's saliva), get "immunized" against subsequent infection with mutans streptococci that would most likely colonize the mouth when the primary teeth erupt. This hypothesis should be validated, because it has important implications for caries prevention.
With regard to early malnutrition, lesion^.^ Consequently, we have no useful data on carious and non-carious enamel lesions and their relevance in the prediction of dental caries and the management of the disease. Studies of early malnutrition and diet should include diagnosis of early caries lesions and enamel hypoplasia to allow for a detailed analysis of the potential effect of malnutrition on tooth development and increased susceptibility to dental caries.
In conclusion, I concur with Weinstein3 that research in early childhood caries suffers from a lack of interest and a lack of scientific information that could assist in developing oral health promotion programs. The data presented in this review indicate that this area should receive more attention by funding agencies. Living a healthy life is rooted in our development during the first few years of life. To change dietary patterns, increase the resistance to disease, and achieve a healthy life-style require focused
The data presented on the associaattention on nutritional, psychological, and behavioral development during the early years of life.
